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					ABSTRACT  

					ARTICLE INFO  

					High-fat diet (HFD) lifestyle contributes to global morbidity and mortality due to obesity. As a  

					potential therapy candidate, propolis modulates gut microbiota affected by HFD through direct  

					and indirect stimulation. This study investigates the effect of propolis on gut microbiota and  

					ileum mucosal structure, using histological analyses to validate its efficacy in HFD intervention.  

					Male Wistar rats were randomly assigned to one of four diet groups. Fecal microbiota analysis  

					focusing on B. thetaiotaomicron, F. prausnitzii was conducted over several weeks using 16S  

					rDNA sequencing. In addition, ileum mucosal changes were analyzed post-termination. The  

					novelty of propolis intervention was observed in counteracting the burden of B.  

					thetaiotaomicron, an inflammation indicator, through indirect stimulation, which led to an  

					increase in F. prausnitzii. Propolis affected bacterial diversity through direct and indirect  

					stimulation, resulting in B. thetaiotaomicron and F. prausnitzii reduced and achieved  

					homeostasis at the end of the intervention. The overall bacterial profile showed a significantly  

					higher relative ratio of F. prausnitzii to B. thetaiotaomicron between HFDP to NCD, NCDP  

					(p<0.05). Validation through ileum histology revealed that the HFD group had reduced muscle  

					thickness, fewer Peyer's patches, and fewer villi than the NCD group (p<0.05). The HFDP  

					group showed significantly more villi and Peyer’s patches than the HFD group (p<0.05).  

					Propolis effectively ameliorated the dysbiotic state of the gut microbiome, helping achieve  

					favorable homeostasis. The HFDP group showed no significant differences compared to the  

					NCD group, indicating the protective effect of propolis on the structure and physiological  

					functions of the gastrointestinal system.  
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					Introduction  

					High-fat diet (HFD) lifestyle contributes to the global  

					increase in morbidity and mortality due to overweight and obesity.1  

					According to the World Health Organization (WHO), in 2016, an  

					estimated 650 million adults were obese, accompanied by 340 million  

					children between the ages of 5 and 19 who were also battling obesity.2  

					Poor nutrition and lack of physical activity contribute significantly to  

					the increase in the prevalence of overweight and obesity, reaching  

					5.2% in children under 5 years old, 10.5% in those aged 6-12 years  

					old, and 7% in the 13-18 years old.3  

					Obesity is caused by numerous dietary risk factors, such as excessive  

					carbohydrates and a high-fat diet.4 High-fat diet (HFD) alters gut  

					microbiome diversity, leading to dysbiosis, consequently affecting  

					endotoxin production and promoting bacterial lipopolysaccharides'  

					translocation into the systemic circulation.5 HFD triggers local  

					inflammation in the digestive system by increasing the ratio of free  

					fatty acids, which subsequently impairs physiological functions and  

					reduces the capability of intestinal adaptation. This disrupts intestinal  

					permeability and stability and significantly decreases goblet cells, villi  

					quantity and size, intestinal epithelial barrier disruption, and  

					hyperplastic mucosa lesions.6 In recent times, many studies have  

					demonstrated the relationships between the types of gut bacteria and  

					metabolism.7,8 Analyses have been conducted on the species  
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					Bacteroides  

					thetaiotaomicron  

					(phylum  

					Bacteroidetes)  

					and  

					Faecalibacterium prausnitzii (phylum Firmicutes). Both have unique  

					characteristics and have been demonstrated to play an essential role in  

					overweight and obesity.9 B. thetaiotaomicron increases with a high-fat  

					diet (HFD) induction through the regulation of lipid metabolism,  

					having detrimental effects related to overweight and obesity.10 On the  
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					other hand, F. prausnitzii, a butyrate-producing bacteria, directly  

					Inclusion Criteria  

					correlates with anti-inflammatory effects, improved insulin sensitivity,  

					The inclusion criteria for this study were as follows: (1) male Wistar  

					rats, (2) eight weeks of age, and (3) assessed as healthy, with no  

					abnormalities or diseases, especially those related to the digestive and  

					endocrine systems, such as obesity, diabetes mellitus, and cancer.  

					Additional criteria for sample selection include: (4) fresh feces must  

					be collected within the first two hours, preserved at a temperature of  

					2°C, and examined within 24-48 hours after the extraction. (5)  

					Intestinal histological samples will be taken at the end of the  

					procedure through an anesthesia procedure that follows adjusted  

					guidelines, and these samples can be preserved under 2°C.  

					and enhanced intestinal barrier function.11,12  

					Alternative therapies are vital for mitigating the risks associated with a  

					high-fat diet (HFD), especially considering their multifaceted effects  

					and minimal side effects.13 Considering the rich biodiversity in  

					tropical countries, particularly Indonesia, there is substantial potential  

					for developing natural therapies such as propolis as  

					a

					viable  

					therapeutic candidate.14 Propolis is known for its antioxidant,  

					antimicrobial, antiviral, and anti-cancer activities.15 The specific group  

					of bioactive compounds in propolis, polyphenols, has not been  

					thoroughly investigated, especially concerning inflammation induced  

					by dysbiotic conditions in a high-fat diet (HFD).16 In the previous  

					study, propolis was demonstrated to modulate the levels of short-chain  

					fatty acids (SCFAs), which might contribute to the improvement of  

					intestinal barrier function, the repair of the intestinal mucosa, the  

					reduction of gut permeability, the increase in villi size, and the  

					mucosal regeneration that were negatively affected by HFD.17 There  

					are still limited studies regarding the effect of propolis on microbiota  

					diversity. In this study, we examine the influence of propolis on gut  

					microbiota through histological analysis of rats on a high-fat diet  

					(HFD). Our aim is to assess the potential of propolis as a natural  

					treatment for dysbiosis in those on an HFD.  

					Exclusion Criteria  

					The exclusion criteria of this in vivo study were (1) rats with a  

					significant increase or decrease in body weight during the adaptation  

					process. (2) rats that experienced a weight decrease of more than 10  

					grams per week during treatment. (3) rats that showed a reduction in  

					hair quantity or alterations in the color of the sclera and mouth. (4) rats  

					that exhibit changes in the digestive tract, especially in the mouth and  

					esophagus, during the intragastric gavage procedure.  

					Sample Analysis Fecal Microbiome DNA Extraction, Quantification,  

					and Sequencing  

					Microbiota DNA quantification aims to detect the presence and  

					ascertain the concentration of microbiota DNA before qPCR  

					amplification and analysis. The 16S rDNA gene sequencing procedure  

					was carried out at the Laboratory of the Faculty of Medicine,  

					Maranatha Christian University (Bandung, Indonesia). The fecal  

					microbiome was collected from 40 samples, which consisted of 10  

					NCD rats, 10 NCDP rats, 10 HFD rats, and 10 HFDP rats. Stool  

					samples are preserved at 2°C. The extraction procedure was initiated  

					by mechanical homogenization with a handheld homogenizer and  

					vortex according to the manufacturer’s instructions. DNA was  

					extracted using the Maxwell RSC instrument 48 (Promega  

					Corporation, USA) in conjunction with the Maxwell RSC Fecal  

					Microbiome DNA Kit (Promega Corporation, USA). DNA  

					concentration was measured using Quantifor Thermo Scientific  

					Multiskan GO (Thermo Scientific Corporation, USA) dsDNA to  

					identify the target real-time PCR concentration to be used.  

					Quantification was carried out with standard controls. The minimum  

					DNA concentration of each sample for analysis was 2.77ng, with a  

					purity level > 1,70. Target template concentration in this study was  

					using volume total DNA concentration (1µL) mixed up with nuclease-  

					free water (NFW) (3.2µL) or volume total DNA concentration  

					(1.25µL) mixed up with nuclease-free water (NFW) (2.95µL).  

					Analyze occurs by using qPCR of the combination of the target  

					template with mastermix that contains qPCR mix 5µL, Forward (F)  

					Primer 0.4µL, and Reverse (R) Primer 0.4µL. Quantitative real-time  

					PCR (qPCR) was carried out using the AriaMx Real-Time PCR  

					(qPCR) instrument (Agilent, USA) and Toyobo kit (Toyobo  

					Corporation, Japan). The 16S rDNA was amplified using primer sets.  

					The primer sequences are shown in table (Table 1).  

					Materials and Methods  

					Animals and treatments  

					A total of 40 male Wistar rats (Rattus norvergicus) aged eight weeks  

					with weights ranging from 220 to 250 grams were randomly divided  

					into 4 groups: normal chow diet (NCD), NCD with 300mg/kg BW  

					Propolis (NCDP), HFD, HFD with 300mg/kg BW Propolis (HFDP).  

					Each container (54 cm x 36.5 cm x 28.5 cm) held 3-4 rats. The rats are  

					housed in a room with a stable temperature of around 22-24°C and a  

					balanced light-dark cycle (12: 12 h), with food and water provided ad  

					libitum. They were acclimatized for one week. All acclimatization and  

					administration processes were conducted in the Animal Science  

					Laboratory at the Postgraduate Facility, Universitas Padjadjaran.  

					Figure 1 illustrates the research workflow. The ethical permission for  

					in vivo study was approved by the Ethics Committee of Universitas  

					Padjadjaran (Institution of Animal Care Use Committee (IACUC)):  

					792/UN6.KEP/EC/2022. The NCD and NCDP groups were fed a  

					standard chow diet D12450J -10kcal% (Research Diets, USA),  

					contained 67g% (70kcal%) carbohydrate, 19g% (20kcal%) protein,  

					4g% (10kcal%) fat. The HFD and HFDP rat groups were fed a high-  

					fat diet D12492-60kcal% (Research Diets, USA) with 26g%  

					(20kcal%) carbohydrate, 26g% (20kcal%) protein, 35g% (60kcal%)  

					fat, and a maximum of 1.0% free fatty acid (palmitic acid), for 12  

					weeks.18 Propolis (Karo, Indonesia) was administered to the rats via  

					intragastric gavage at doses of 300 mg/kg body weight daily for the  

					same 12-week period (The components of propolis have been  

					described in a separate study).19 After the study, the subjects were  

					sacrified.  

					Selection Criteria  

					Table 1. Primers used for Quantitative Real-Time PCR  

					Product Size  

					(bp)  

					Species  

					Primer Sequence (5’ to 3’)  

					Ref  

					35  

					Bacteroides  

					934F: CATGTGGTTTAATTCGATGAT  

					1060R: AGCTGACGACAACCATGCAG  

					126  

					126  

					Thetaiotaomicron  

					36  

					Faecalibacterium  

					prausnitzii  

					934F: GGAGYATGTGGTTTAATTCGAAGCA  

					1060R: AGCTGACGACAACCATGCAC  
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					intervention group (NCD and NCDP) tended to be higher compared to  

					the HFD intervention group (HFD and HFDP) in the figure 2A. To  

					assess the effect of the intervention on the eating behavior of the rats,  

					this significant comparison was performed. Significant differences  

					were found between NCD and NCDP, HFD versus NCDP, and HFDP  

					versus NCDP (p<0.05). However, there was no significant difference  

					in other comparisons, e.g., HFD vs. HFDP (Figure 2B).  

					Propolis and HFD Impact on Microbial Diversity  

					The weekly analysis of microbiota gene expression shows an increase  

					in the 4th week and a decrease in the 8th week (Figures 3A and B),  

					respectively. In the 12th week, before termination, it is observed that  

					the B thetaiotaomicron gene expression is lowest in the HFD group  

					and highest in the NCD group, followed by the HFDP group (Figure  

					3A). Conversely, the F. prausnitzii gene expression sees a significant  

					increase in the 4th week in the HFDP group, while no considerable  

					changes are noted in the other groups each week. By the end of the  

					12th week, the HFD group had the highest relative ratio, followed by  

					the HFDP group (Figure 3C and D). In this study, we observed an  

					increase in F. prausnitzii, the known butyrate-producing bacteria, in  

					the HFDP group. This increase is associated with anti-inflammatory  

					activity and protection against intestinal tissue damage (Figure 3B, D).  

					Conversely, in the HFD group, an increase in F. prausnitzii is  

					hypothesized to relate to temporary compensation for insulin  

					sensitivity by counteracting HFD-induced insulin insensitivity (Figure  

					3D).12,24 In general, the increase in B. thetaiotaomicron expression in  

					HFD cases could be attributed to lipid metabolism and accumulation.  

					Accumulated adipose tissue secretes leptin and interleukin-6  

					(adiponectin), subsequently triggering inflammation and hepcidine  

					production. This condition leads to dysregulatory properties in iron  

					homeostasis.10 The B. thetaiotaomicron escalation in NCDP and  

					HFDP groups was presumed to offset bacterial suppression through  

					increased hepcidin expression with bactericidal activity, given the iron  

					requirement of bacteria and physiological cells through hepcidin  

					Figure 1. Research workflow  

					Histological analysis  

					The morphometric analysis of the ileum tissue was conducted using  

					Hematoxylin and Eosin (HE) staining at the Histology Laboratory,  

					Faculty of Medicine, Universitas Padjadjaran. After the termination,  

					small sections of ileal tissue were fixed in 10% buffered formalin  

					(Merck, Germany) for 24 hours. Each sample was then cross-  

					sectionally cut to a thickness of 5µm using an MR2258 microtome  

					(Histo-Line Laboratories, Italy) and subsequently stained with HE.  

					Observations of the stained specimens on glass slides were performed  

					using a ZEISS Imager Z.2 microscope (Carl Zeiss, Germany) at the  

					Central Laboratory, Universitas Padjadjaran. The microscope was set  

					at varying magnifications of 10x, 20x, and 40x for detailed  

					observation and analysis. The microscopes were adjusted to 10-, 20-,  

					and 40-times magnification for detailed observation and analysis: 10x  

					and 20x magnification were used to define the structure of the ileum  

					and the best structure for analysis, and 40x magnification was used for  

					morphometric analysis, such as determining the thickness of the  

					muscularis externae, identifying Peyer's patches, and determining the  

					villi's characteristics. Histological analysis was performed with ImageJ  

					1.53t (National Institutes of Health, USA) for measurement of sample  

					length, thickness, and volume.  

					(Figure  

					3A,  

					C).25  

					Statistical analysis  

					All data were tabulated using Microsoft Excel 2019 software. The  

					sampling method used in this study was random sampling with one-  

					way ANOVA with Tukey's post hoc test using IBM SPSS Statistics 25  

					software (IBM, USA). A P value <0.05 was considered significant.  

					Results and Discussion  

					HFD in this study predominantly contained saturated fatty acids, such  

					as lauric acid, myristic acid, palmitic acid, and stearic acid.20  

					Metagenomic data showed that the HFD-fed group had higher  

					expression levels of several metabolic genes related to immunologic  

					response (RELMβ), gene-related bacterial adaptation system (ATP-  

					binding cassette transporter), and genes involved in carbohydrate  

					metabolism (phosphotransferase) compared to the control. However,  

					the HFD-fed group exhibited higher expression levels of membrane  

					transport and nitrogen metabolism.21  

					Propolis or bee resin contains various biochemical compounds,  

					such as aromatic compounds, phenolic acids, and flavonoids.  

					Flavonoids and phenolic acids are considered the main antioxidant  

					components found in various propolis products that can help support  

					human health by modulation of the gut microbiome.22,23  

					Food Intake Curvature  

					Dietary intake was analyzed daily and evaluated on the last day of  

					each week. Our study showed that the food consumption in the NCD  

					Figure 2. Eating Curvature. HFD, high-fat diet; HFDP, HFD  

					administered propolis.  
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					Figure 3. Analysis of the effect of HFD and propolis intervention on gut microbiota abundance. A) Analysis of changes in the expression of  

					B. Thetaiotaomicron bacteria on a weekly scale. B) Analysis of changes in the expression of F. prausnitzii bacteria on a weekly scale. C) Relative gene  

					expression of B. thetaiotaomicron bacteria. D) Relative gene expression of F. prausnitzii bacteria. Data presented as Mean ± SEMs. * p < 0.05. NCD,  

					control; NCDP, control administered propolis; HFD, high-fat diet; HFDP, HFD administered propolis.  

					Nonetheless, B. thetaiotaomicron is directly correlated with adverse  

					conditions such as chronic inflammation, insulin resistance, and  

					disruption of host metabolomics.26 Significant changes in B.  

					thetaiotaomicron and F. prausnitzii, especially in the 4th week in the  

					HFDP group, may represent a compensatory mechanism between  

					bacteria, intestinal physiological conditions, and metabolism. The  

					which is related to nutrient absorption, local and systemic  

					inflammation, and other physiological functions.27  

					Morphometric Analysis of Ileum Tissue  

					The study of ileum morphological changes aimed to clarify the impact  

					of propolis on microbiome expression and its direct effect on the  

					intestinal system. Histopathology of the intestine, particularly the  

					ileum, can serve as an indicator for the absorption process as well as  

					the diversity of dominant pathogenic and/or commensal microbiota in  

					the large intestine compared to other intestinal sections, as shown in  

					Figure (Figure 4). The morphometry of the ileum varies among the  

					four groups (Figure 4). No significant differences were found based on  

					histological appearance, but quantitative analysis of each aspect  

					showed significance. The HFD group exhibits a significant decrease in  

					intestinal density compared to NCD in all aspects except the variation  

					of villi length (Figure 5).  

					The digestive system is often referred to as a second brain. It contains  

					a separate nervous system, the enteric nervous system, which is  

					distinct from the central and peripheral nervous systems. In addition,  

					the digestive system plays a role in regulating the gut microbiota. The  

					gut microbiota can produce neurotransmitters that stimulate both the  

					central and peripheral nervous systems. Propolis triggers the direct  

					regeneration of the ileum through the production of biochemical  

					compounds once the homeostasis of the intestinal microbiome has  

					been established. This regeneration leads to the resolution of  

					pathological damage.  

					increased HFD burden leads to  

					a

					significant increase in B.  

					thetaiotaomicron. This burden is mitigated by propolis through either  

					the inhibition of commensal bacteria or indirect stimulation, leading to  

					a significant increase in F. prausnitzii. However, after the 4th week, a  

					decline in both species was observed, visible in the 8th week, possibly  

					caused by the direct stimulation of propolis. This modulation could  

					potentially demonstrate the ability of propolis to re-establish the gut  

					microbiome homeostasis instead of altering the microbiota proportion.  

					Therefore, by the 12th week, all species increased, aligning nearly  

					with the baseline or NCD, indicating a potential restoration of  

					regulatory balance without causing a pathological state (Figure 3A,  

					B). The two graphs indicate that the HFDP group has concurrently  

					increased the expression of genes for both species. An analysis of total  

					microbiota quantity revealed a statistically significant increase in F.  

					prausnitzii gene expression in the HFDP group compared to the NCD  

					and NCDP groups (p<0.05) (Figure 3D). This finding supports that  

					the anti-inflammatory effect of Faecalibacterium may directly counter  

					the B. thetaiotaomicron burden as an inflammation marker. The HFDP  

					group exhibited the highest F. prausnitzii gene expression, followed  

					by the HFD group. It has been reported that the B. thetaiotaomicron  

					gene expression increased in groups that received propolis,  

					specifically in the HFDP and NCDP groups, with the HFDP group  

					showing the highest value (Figure 3C). Moreover, flavonoids directly  

					and indirectly stimulate the gut microbiome. The influence of  

					prebiotics and probiotic-like effects of propolis is thought to create a  

					crossover effect, ameliorating the state of dysbiosis caused by HFD.  

					This is particularly evident in the histological structure of the ileum,  

					The gut microbiota is also involved in immune system regulation,  

					further impacting the nervous system. As a result, various changes in  

					the gut microbiome directly reflect the physiological and pathological  

					processes of the digestive system and have broader systemic  

					implications. The observed mechanisms also have implications for  

					various changes related to the propolis interventions, including the  

					healing of intestinal mucosa, that crucial for intestinal mucosa  

					regeneration, and the stimulation of intestinal-tropic glucagon-like  
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					Figure 4. Representative figure of histopathological changes with microscope magnification 20X. A) NCD. B) NCDP. C) HFD. D)  

					HFDP. ME, muscularis externa; PP, Peyer’s patch; VL, villi  

					Figure 5. HFD and propolis effect on histopathological changes in several aspects. A) The effect on the thickness of muscularis externa. B)  

					The effect on quantity of Peyer’s patches. C) Changes on villi length. D) Changes in villi quantity. Data presented as mean ± SEMs. * p < 0.05. NCD,  

					control; NCDP, control administered propolis; HFD, high-fat diet; HFDP, HFD administered propolis.  

					provides structural support to the villi, peyer’s patch, and accessories  

					peptide secretion (Figure 5).28,29 This secretion reduces gut  

					permeability and enhances the intestinal barrier, resulting in increased  

					expression of tight junction proteins (such as claudin, occludin, and  

					ZO-1) and the regeneration of villi length and thickness of mucosal  

					and intestinal epithelial tissue. The diversity of the gut microbiome  

					directly influences the gut histological structure, potentially  

					modulating the intestinal motility, absorption, inflammation (local  

					and/or systemic), and gut-brain axis that reflects the systemic  

					involvement.30  

					of the intestine. Histologically, the structure of the muscularis externa  

					in the ileum is thinner than in the duodenum, but the thickness of the  

					villi and crypt is predominant because the physiological function of  

					absorbing nutrients is more important than propulsion.31 A significant  

					difference in this thickness was noted, measuring 15.70µm per Field  

					of View (FoV) between NCD and HFD (p<0.05). The HFD group had  

					a thinner outer muscle layer compared to other groups (Figure 5A).  

					Therefore, the reduction in the thickness of the muscularis externa  

					aligns with the reduction of Peyer's patches and villus quantity.32 The  

					changes can be observed in the images (Figures 5A and D), the HFD  

					group had significantly the lowest external muscle thickness compared  

					to NCD, which significantly occurred in the evaluation of the quantity  

					of Peyer's patches and villi. Indications of this dysregulation lead to  

					reduced nutrient-absorbing function. This finding suggests better  

					Muscularis Externa Thickness  

					The thickness of the outer muscle layer affects how the intestine  

					moves and pushes food during digestion and is linked to direct nerve  

					stimulation. The anatomical relationship of muscularis externa  
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					nutrient absorption and a stronger intestinal barrier in the group with  

					propolis intervention, limiting widespread inflammation.  

					Peyer’s Patches Identification  

					Peyer's patch has a different role in intestinal cells, serving as Gut-  

					associated Lymphoid Tissue (GALT). This function influences the  

					transport of substances that can trigger the immune system and cause  

					inflammation. The count of Peyer's patches in HFD rats differed from  

					NCD rats by a mean difference of 4.00 follicles per Field of View  

					(FoV) (p<0.05). A significant difference was also noted between HFD  

					and HFDP rats, with a mean difference of 3.62 follicles/ FoV (p<0.05)  

					(Figure 5B). Evidence of changes in the gut microbiota after propolis  

					supplementation showed that a dose of 240mg/kg BW of propolis  

					improved the structure of the mucosa and villi while decreasing  

					inflammatory cell infiltration. In contrast, the propolis intervention of  

					300 mg/kg body weight in the HFDP group increased the quantity of  

					Peyer's patches, showing a closer morphology to the control (NCD)  

					group. This is significant as Peyer's patches were notably decreased in  

					the HFD group compared to other groups, leading to a reduced  

					sensitivity to antigen responses and foreign bodies, thereby making  

					them more vulnerable to bacterial translocation and infection.33  
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					Villi Properties  

					Villi, as projections of the intestinal wall, have a crucial role in the  

					absorption process. Thus, the quantity and length indicate nutrient  

					absorption and metabolism. Regarding quantity for each field of view  

					(FoV), the NCD and HFD groups had a significant difference on  

					average of 7.4 villi/ FoV (p<0.05). Significant variety was found  

					between HFDP and HFD on an average of 7.75 villi/FoV. The HFDP  

					groups had the highest villi quantity, followed by NCD (Figure 5C),  

					while villi length was not significantly different for each group or  

					relatively low compared with NCD (Figure 5D). Histological analysis  

					of the ileum structure appears to validate the effects of a high-fat diet  

					(HFD) and propolis interventions compared to the normal chow diet  

					(NCD) control group. The research hypothesis posits significant  

					differences in the histological structure between the HFD and propolis  

					(HFDP) group and the control group. This analysis revealed  

					significant differences in the thickness of the muscularis externa and  

					the number of Peyer's patches between the NCD and HFD groups.  

					Similarly, villi quantity notably varied between these groups,  

					demonstrating that HFD intervention substantially alters the  

					histological structure of the ileum by inducing inflammation and  

					affecting nutrient absorption. Conversely, the HFDP group, which  

					received both high-fat and propolis interventions, showed no  

					significant difference from the NCD group, suggesting a return to a  

					state closer to the normal diet. The groups that received propolis  

					intervention (NCDP and HFDP) exhibited an increase in the quantity  

					and length of the villi, leading to improved and optimal nutrient  

					absorption. In contrast, the HFD group had the lowest villi quantity  

					and length and a decreased thickness of the muscularis externa. This  

					situation contributes to impaired food contraction and propulsion in  

					the ileum, subsequently, food transit time will significantly increase.  

					Importantly, inflammation was observed to have a negative correlation  

					with the thickness of the muscularis externa.34  
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